T h e m o n au ral th resh o ld : th e effect of sublim inal an d au d ib le c o n tra la te ra l an d ip silateral stim uli
I ntroduction
Using the experimental technique developed during earlier work on the binaural threshold (Hughes 1938) , the effect on the monaural threshold of subliminal notes has now been investigated. It was hoped that the experiments, when carried out with two notes of various frequency differences, would yield information on the extent to which the cochlear resonators postulated by the resonance theory could be influenced by notes of frequencies different from their natural frequencies, and thus permit the determination of the amount of damping to which they were subject. I t was anticipated th at the threshold of a note of given frequency would be lowered by the simultaneous application to the ear of a second subliminal note provided th at the two frequencies were not too far apart. In practice it was found th at no m atter how different the frequencies, a process of central summation produced such lowering of threshold. The purely physical question of what range of resonators in the cochlea responds to a given exciting tone cannot therefore be investigated in this way.
The lowering of threshold of one ear due to simultaneous subliminal stimulation of the other (Hughes 1938) made it of interest to investigate the case when the note applied to the second ear is audible. Previous workers (e.g. Harvey Fletcher 1929) have shown th at when a " masking to n e" is well above threshold no change of contralateral threshold is produced. The experimental results described below bear this out in a general way, but the presence of a weak audible tone causes so much difficulty in determining the contralateral threshold that it is not possible to find any critical intensity at which summation ceases. When, however, the two notes were in unison a rise in this threshold occurred, the explana tion of which is discussed later.
A tentative investigation of the corresponding monaural problem was made, but no significant results were obtained.
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The apparatus
The apparatus and experimental procedure were those of the previous paper. The variable shunt on each telephone was later replaced by a third potentiometer, when a slight rearrangement of the circuit became necessary, and a double-pole double-throw mercury switch rocked by an eccentric on a rotating shaft was substituted for the mercury commutator with rotating vanes used in the earlier work.
1. The effect on the monaural threshold of an IPSILATERAL SUBLIMINAL STIMULUS
The apparatus. For this work various modifications of the original apparatus were made. The first tests were made with the two notes presented to the ear, after electrical summation, in the same telephone; two different forms of mixing circuit were used to combine them. Though electrical summation of the voltages applied to the telephone in these experiments appeared, according to the tests adopted, to be satisfactory, some doubt still existed as to the true nature of the sound output from the telephone under these conditions. The remainder of the experiments were therefore carried out with a different arrangement. Two separate telephones were used in circuits similar to those employed in the work on binaural stimulation; they were mounted side by side, about 6 in. from the ear, in a box lined with absorbent material. The latter had an opening about 3 in. square at the end opposite to the phones, and this was held against the ear. Thus the ear was shielded from any extraneous sounds, and the absorbent lining tended to give, with the low intensities used, the effect of propagation in free space. Any tendency to resonance which might still have been present would not affect the results, since the conditions at the threshold, from which the intensities were measured, would be similarly affected at any definite frequency.
Holes were cut in the box large enough to clear the body of the phone, but smaller than its cap, and a thick ring of sponge rubber was fitted round the phone. A metal plate with a hole in the centre, with a second sponge rubber ring between it and the cap, was bolted to the box so as to hold the phone in the hole between the two thicknesses of sponge rubber. The phones were thus insulated from vibration of the box, and from one another. The lining of the box was of thick cotton-wool, held in place by coarse medicated gauze, and it was continued out of the open end of the box to give a comfortable and close fit to the side of the head of the observer.
IO-2
For these experiments, the amplifiers used in the binaural work were employed, incorporating three independent intensity controls in each. The 5 db. step-attenuator preceded the first valve, the calibrated dial the second, and the uncalibrated 50,000 (o potentiometer (replacing the original telephone shunts) the third. The experimental procedure was exactly the same as for the previous experiments on similar lines.
After some preliminary results, in which those previously obtained were verified, several sets were taken at unison with a note of 1100 eye./sec. in each phone, to test if physical summation of the telephone outputs were taking place at the ear. Only one oscillator was used to produce the note, and the two input potentiometers were connected in parallel to its coupling condenser by lead-covered cable with the covering earthed. The voltages applied to the amplifier output circuits were then adjusted to zero phase difference with a cathode-ray oscillograph in the usual way, using a variable air condenser (0-0015 //F max.) connected across the appropriate output circuit to obtain a straight-line trace instead of an ellipse on the oscillograph screen. The corresponding pairs of reductions in intensity necessary when physical summation of the two notes takes place at unison can be calculated as follows: suppose the threshold amplitude is A 0, and is the same for each phone, corresponding to an intensity kA%, where k is constant under the conditions of any one experiment. A reduction in intensity of a; db. in one note reduces the amplitude to A x where Experiments were carried out with reductions from threshold of 5-0, 6-0 and 7-0 db. in the one phone with results for the reduction required in the other indicated in table 2. J . W. Hughes 
They agree very well with the calculations, and indicate that physical summation is fairly complete with the arrangement described.
The main experiments were continued by taking the threshold reductions of one note due to the presence of another subliminal note of the same or different frequency 2-0, 3-0 and 4-0 db. below its threshold at various pairs of frequencies. The results thus obtained, together with those found with the method of electrical mixing, are summarized in table 3. Each result is, as before, the mean of ten settings of the dial. (490 1-4+ 1-1 1-1 ± 1-0 1-3 ±1-1 2900 3000 2-4 ± 1-2 2-0 ± 1-4 1-7 ± 1-0 2800 3000 2-7 ± 1-7 1-8 ± 1-2 1-7 ± 1-0 310 2900 1 -9 ± 0-9 1-7 ± 0-8 1-3 ± 0-5 M ean value of 1-31 1-22 M 3 J . W . H . I t will be seen th at some reduction from threshold was always necessary, but th at its amount varied considerably, even for one observer at the same pair of frequencies. A second observer (W. L. B.) took a few sets of results, and these were in fair agreement with those of the first (J. W. H.). How ever, the same order of reduction was required for both high and low frequencies, as the table shows, and even for a pair of notes differing widely in pitch, e.g. 310 and 2900 eye./sec. This summational effect cannot be due to interaction between cochlear resonators, since it occurs with such wide differences of pitch; it must be central. If the cochlear resonators do act upon each other when their frequencies are close together, the effect cannot be observed owing to this general summation. The pairs of frequencies were chosen, as in the earlier work, to avoid the possibility of common overtones in the audible range. The mean total energy required a t the two ears for all pairs of frequencies, expressed for each observer in terms of the monaural threshold energy E0, is shown in the last two lines of the table. In each case, the sum is greatest, i.e. the summation is least, when the intensity of the subliminal note is greatest, and decreases with the intensity of the subliminal note. The significance of this is discussed later.
(E1/E 0)L + (E1/E 0)R

J. W. Hughes 2. The effect on the monaural threshold of an IPSILATERAL AUDIBLE STIMULUS
The apparatus used in the previous section was employed for these experiments, and the experimental procedure was unaltered. The audible note was maintained at 2-0, 3-0 and 5-0 db. above its threshold; this was arranged by raising the intensity by 5-0 db. on the step-attenuator, and decreasing it by 3-0 or 2-0 db. on the dial potentiometer to obtain a total rise of 2-0 or 3-0 db. above threshold.
The results were taken with notes of 700 and 1100 eye./sec., with the 700 eye./sec. note at one of these fixed intensity levels (2-0, 3-0, or 5-0 db. above threshold). In the first set, with both notes interrupted by the rocking switch previously mentioned, no definite rise or fall in the threshold of the 1100 eye./sec. note could be found, as the ''scatter'' among the settings was too large. The observer (J. W. H.) found the audibility of the 1100 eye./sec. note difficult to judge with a note of 700 eye./sec. distinctly audible at the same time, and he tended to use the " purity" of the 700 eye./sec. note as the criterion of audibility. In an attem pt to overcome this, the 700 eye./sec. was made continuous after fixing its intensity at the appropriate level; the muting switch inside the room could be used to prevent fatigue, if that proved necessary. The " scatter" was reduced a little by this method, though it was still large enough to hide any definite threshold change in either of the two observers. In fact, the difficulty of judgement found in the first experiments was still present and no further results were attempted. Those th at had already been taken are shown in table 4. 3. The effect on the monaural threshold of an AUDIBLE CONTRALATERAL STIMULUS
The apparatus was not changed for this work, except th at two telephones were used to convey the sounds to separate ears. The experimental procedure remained unaltered, and the known audible intensities were produced by the combination of settings of two potentiometers described in § 2.
The results obtained are set out in table 5; in all cases, note A was fixed in intensity and made continuous, and the " binaural threshold" was found by varying the intensity of note B. t -0 -9 ±2-7 -1 -0 ± 3 -8 + 0-2 ± 1-9 + 0-1 ± 1-9 -0-6 ± 2-8 + 1-0 ± 2-1 + 1-2 ± 3-3 + 1*0 ± 4*8 -0 -7 ± 3 -6 1000 1100 -1*1 ± 1-6 -0-9 ± 1-6 -1*0 ± 1-8 -0-1 ± 2-8 -0-4 ± 1-9 -0-2 ± 2*9 + 0-5 ± 2 -0 + 0*8 ± 2*4 -0-4 ± 2-6
Three sets of three tests each were made with pairs of frequencies 700 and 1100 eye./sec., and 1000 and 1100 cyc./sec. In the first three, the intensities of the audible note were 2-0, 3-0 and 5-0 db. above threshold; in the next, they were 5-0, 7-0 and 10-0 db. above threshold, and in the last they were 5-0, 10-0, and 15-0 db. above threshold. The increase in the intensities of the audible notes was made when no conclusive results were obtained with those first tried, and even with one note at 15 db. above the threshold in one ear, no definite effect was produced on that of the other in the opposite ear. However, when the frequencies of the notes in the two ears was made the same, an unmistakable rise of threshold became evident (table 6) . Though there seemed to the observer (J. W. H.) to be no particular difficulty in deciding whether the note of variable intensity was audible under the conditions of these experiments, the settings have a. " scatter" as large as, if not larger than, those in the preceding section, when this difficulty was certainly encountered. Db. above monaural threshold in right ear 4 1 ± 3 -2 7-3 ± 3 -8 9-5 ± 3 -2
Discussion
The results of the investigations described in this and the previous paper may be summarized as follows:
(а) When a contralateral subliminal stimulus is applied, the monaural threshold is decreased, whatever the relative frequencies of the two notes used. The reduction is such th at if the energies applied to each ear are expressed as fractions of the corresponding monaural threshold energies, the sum of the two fractions is unity (Hughes 1938). (б) When the monaural threshold intensity is determined with, and without, an ipsilateral subliminal stimulus, the intensity required is less in the presence of the additional stimulus, and tends to decrease as the intensity of that stimulus is increased. The decrease in intensity is not as great as in the corresponding binaural case, but appears to be of the same order for all pairs of frequencies applied to the ear for a definite intensity of the subliminal stimulus ( § 1 above).
(c) The monaural threshold is unaffected by contralateral audible stimuli for intensities of the latter up to 15 db. above their threshold. This holds for notes differing considerably in pitch, but there is a rise in threshold when the notes are in unison ( § 3 above).
(. d) No definite variation in the monaural threshold occurred in the presence of audible ipsilateral stimuli as far as could be ascertained under the conditions of the experiments ( § 2 above).
Paragraph (a) : Summation is thus complete with subliminal contra lateral stimuli. It is interesting to note th at the results of Gage (1932) agree with those found in these experiments. Averaging his results over all the frequencies he used (notes in unison were employed for each ear), he found that a decrease from monaural threshold of 1-0 db. in one ear corresponded to a decrease of 5-6 db. in the other. Since his steps of attenuation were of 2-5 db., and there is a large " scatter" among his results, these figures agree well with those of the present work giving (E1/E0)l + (E1/E0)r = 1-07 instead of unity. Paragraph (b): With subliminal stimuli applied to one ear the summation again occurs, but is not complete. If the two inputs concerned in the latter case arrived at the final centre by entirely independent paths there would seem to be no reason for this difference: it may be tentatively suggested that when the two stimuli are on the same side occlusion may occur at some stage before the final centre is reached. The experimental results seem to show that some such effect does take place, since the total energy required at the " binaural threshold" appears to increase with the intensity of the subliminal note, indicating an increasing degree of " overlap" among the units.
Paragraph (c): Since no significant threshold change could be found when contralateral audible stimuli were present, it would appear th at a different mechanism comes into play when the threshold has been reached in one ear, and the " summation effect" so definitely present in the case of contralateral subliminal stimulation is no longer found. A new psycho logical factor has been introduced in these experiments; when stimulation was subliminal, no audible sensation was produced until the " threshold" had been reached, but in this case an audible sensation was present throughout its determination, and the attention of the observer was engaged by it before the presence of the note of variable intensity was detected. The results obtained agree with those given by Fletcher (1929) for the binaural masking of one pure tone by another.
The results found when the two notes were in unison suggest that localization, rather than audibility, plays the main part in determining the " threshold" in this case. It appears th at the presence of the note of variable intensity cannot be detected unless its intensity is sufficient to produce almost central localization, i.e. to cause the combined note to appear to issue from a source located somewhere near the median plane. If it is much less than this, the location of the note remains wholly in the ear in which the intensity has already been fixed at some audible level, and the change of location due to the sudden application of the note of variable intensity to the other ear can no longer be distinguished.
Paragraph (d) : The absence of any definite threshold variation with ipsilateral audible stimuli may also be due to occlusion, though the experimental results are not numerous enough to permit any deduction to be made.
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Summary
Application of contralateral subliminal stimuli decreases the monaural threshold, whatever the relative frequencies of the two notes used. Ipsi lateral subliminal stimuli also decrease the threshold, but less than do corresponding contralateral stimuli. For two notes differing considerably in pitch the monaural threshold is unaffected by contralateral audible stimuli of intensities up to 15 db. above their threshold. No definite threshold variation occurred when similar audible ipsilateral stimuli were applied.
